###### HIGHLIGHTS

This study evaluated the accuracy of various electronic apex locators in presence of different canal conditions to detect root perforations.All three apex locators detect canal perforations within clinical acceptable range.There was no significant difference in accuracy of different apex locators when used with different irrigants.Root ZX mini in dry conditions gave most accurate reading.

INTRODUCTION {#sec1-1}
============

Endodontic failure may occur because of root perforations, which is considered as one of the important reasons for failure ([@ref1]). These perforations are artificial communication that are formed between root canal and the oral cavity or periodontium ([@ref2]). These perforations result in periodontal involvement which may further result in the loss of tooth. Perforations may be caused iatrogenically, resorption, or caries ([@ref1]). Root perforation prognosis depends on size, site, and time elapsed before the perforation is detected and treated ([@ref3]).

To reduce the chances of irrigating material to extrude into surrounding peri-radicular tissues and to prevent instrumentation going beyond the perforation during root canal treatment, clinical diagnosis of location of perforations is essential ([@ref4]). Diagnosis of iatrogenically created perforations can be achieved with the aid of clinical findings and radiographic interpretation. Root perforations can be identified by (a) Placing reamer or file into an opening, which get loose rather than snugly fit in a true canal, (b) direct observation of bleeding, (c) indirect observation of bleeding using paper point, (d) radiography, and (e) an apex locator ([@ref5]).

Electronic apex locator (EAL) can determine root perforations accurately ([@ref6], [@ref7]). According to Sunada's ([@ref8]) findings, the electrical resistance between oral mucous membrane and periodontium has a constant relationship; an electronic canal length measuring device can determine perforation, when it communicates with periodontal membrane and it would record a constant value. Recent EALs work by measuring alternating current impedances at multiple frequencies and can give accurate reading in presence of both dry and wet canal conditions.

Root ZX mini (J. Morita Co., Tokyo, Japan), iPex (NSK, Tochigi, Japan), Epex Pro (Eighteeth, Changzhou, China) are three modern EALs. Root ZX mini is one EAL introduced and compared with a number of EALs ([@ref9], [@ref10]). Measurement of canal length is based on ratio method, which record impedance values at 8 kHz and 0.4 kHz frequencies and by position of file in the canal; it calculates quotient of impedances ([@ref11]). IPex which is a fourth generation EAL, measures both capacitance, and resistance to evaluate file position in root canal ([@ref12]). This apex locators uses two or more non-simultaneous continuous frequencies in order to measure the difference or ratio between two currents ([@ref7]). Epex Pro is an advanced EAL which is based on technology of multiple frequency, and impedance measurement. It has an automatic caliberation according to manufacturer. Altunbas ([@ref5]) assessed the accuracy of Dentaport ZX (J. Morita Co., Tokyo, Japan) and the Rootor electronic apex locators (Meta Biomed, Cheongwon-gun, Korea) in detecting root perforations in dry condition and various wet conditions, and concluded that most accurate reading was obtained in dry canals, content of root canal affected accuracy of both EAL's, and Dentaport ZX was more accurate compared to Rootor in the presence of different irrigants. Recently, Epex Pro manufacturer has achieved great popularity world wide being economic, and claimed by the manufacturer to be highly accurate. To the best of our knowledge, no studies which were published have together compared Root ZX mini, iPex, and Epex Pro EALs in locating root perforations under both canal conditions. The purpose of the study was to compare and evaluate accuracy of three EAL in detecting the perforations in dry conditions and in presence of following irrigating solutions: 5% sodium hypochlorite (NaOCl) (Neelkanth, Boranada, jodhpur, India), 2% chlorhexidine (CHX) (Neelkanth, Boranada, jodhpur, India), and 17% Ethylenediaminetetraacetic acid (EDTA).

MATERIALS AND METHODS {#sec1-2}
=====================

The research design was reviewed and approved by the "Institutional Research Committee and Ethical Committee" of Sri Aurobindo College of Dentistry, Indore (M.P.). The sample size was determined using G\*Power 3.1 (Heinrich Heine, Germany) Statistical power analysis software with alpha-type error of 0.05, and power of statistics 0.8. The output indicated a minimal sample size of thirty teeth. Thirty extracted human single-rooted straight mandibular premolars having single canal were selected. Roots with resorption, open apices, or fractures were excluded. To view root canal anatomy Radio Visio Graphy (RVG) (Carestream Dental, Atlanta, GA) were taken from buccolingual and mesial-distal angles. Ultrasonic scaler (Unicorn Denmart NSK, New Delhi, India) was used to remove hard tissues, soft tissues, and debris from the surface of root and then all teeth were stored until used in sterile saline solution (NaCl) (0.9%). Carborundum disk (Bharat industrial corporation, Gaziyabad) was used to decoronate all teeth at cementoenamel junction. Barbed broach (VDW GmbH, M€unchen, Germany) was used to remove root canal contents and then canals were instrumented up to size of 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) and gained apical patency with size of 10 K-file (Dentsply Maillefer, Ballaigues). During the instrumentation, irrigation of canal was done by with 2.5 mL 5% NaOCl followed by 2.5 mL of distilled water. Artificial perforations were created from outside on middle third of root at a 90º angle with a 0.12 size round diamond bur (Medin, Nove Mesto na Morave, Czech Republic) using aerotor handpiece by same operator. Approximately 1.5 mm in size perforations were created. Stereomicroscope (Stemi DV4; Carl Zeiss, Gottingen, Germany) with 20x magnification was used to determine Actual length (AL) up to perforation site by visualizing tip of 20 K-file (Dentsply Maillefer) through perforation space ([Fig. 1](#F1){ref-type="fig"}). Vernier caliper (Mitutoyo, Japan) was used to measure the distance from rubber stopper to the tip of file at the nearest of 0.05 mm. Then the alginate moulds were use to embed all the teeth.

![Figure showing tip of a 20K -- file at the perforation seen under a stereomicroscope at 20x](EEJ-5-6-g001){#F1}

Electronic measurements were determined according to the recommendations of manufacturer after AL up to the perforations were obtained, by all three EAL in dry conditions and in various wet canal conditions: 5% NaOCl, 2% CHX, and 17% EDTA using 20 K-file. Between measurements with different irrigants, canals were irrigated were distilled water and then dried using paper points. For the Root ZX mini device, a 20 K-file with a rubber stopper was gradually taken within the root canal till liquid crystal display (LCD) showed the apex reading. Then file was withdrawn from the canal until flashing bar between "Apex-mark and 1-mark" on LCD ([Fig. 2](#F2){ref-type="fig"}).

![Root ZX mini device, attached to a 20 K-file showing the apex reading between "Apex-mark and 1-mark" on liquid crystal display (LCD)](EEJ-5-6-g002){#F2}

For iPex, file was gradually advanced until LCD display apex signal and then file was withdrawn until "0.5-mm-mark".

With Epex Pro apex locator, the file was advanced until the "00-mark" reading and "green indicated strips" was obtained near perforations. Rubber stopper was adjusted and the file was taken out from canal, and then electronic length (EL) were recorded up to the perforations in both the dry and wet conditions. Measurement of all teeth was done by the same experienced operator. Difference between ELs and the ALs was calculated. Clinically acceptable EL measurements was +/-0.5 mm of AL

The data was collected in Microsoft excel sheet and was cross checked for any errors. The data was then subjected to statistical analysis using Statistical Package for the Social Sciences (SPSS, IBM version 20.0, New york. United state). The level of significance was set at 5% and p value ≤0.05 was considered statistically significant. Statistical Analysis were done using One-way ANOVA with post hoc tukey's HSD for pairwise comparison.

RESULTS {#sec1-3}
=======

All three EAL's detected canal perforations which were clinically acceptable. Results were significant for dry and wet conditions. Most accurate measurement were seen in dry canals for all three EALs. Root ZX mini in dry condition showed most accurate reading and there was a significant difference when compared with other group. No significance difference was observed in iPex and Epex Pro Apex locator, and between NaOcl and CHX, CHX and EDTA.

Mean difference between EL and AL of perforation with standard deviation (SD) for each EAL in different canal conditions are summarized in [Table 1](#T1){ref-type="table"}.

###### 

The Mean Difference between the Electronic Length (EL) and the Actual Length (AL) of the Perforation with the Standard Deviation (SD) for Each Electronic Apex Locator (EAL) in Different Canal Conditions (mm)

                 Dry condition Mean±SD   NaOCl Mean±SD   Chlorhexidine Mean±SD   EDTA Mean±SD
  -------------- ----------------------- --------------- ----------------------- ---------------
  Root ZX mini   0.03±0.01^Aa^           0.06±0.02^Ab^   0.08±0.02^Ac^           0.09±0.02^Ac^
  IPEX           0.23±0.10^Ba^           0.39±0.14^Bb^   0.36±0.12^Bb^           0.38±0.10^Bb^
  Epex pro       0.24±0.13^Ba^           0.39±0.11^Bb^   0.35±0.15^Bab^          0.43±0.18^Bb^

NaOCl: Sodium hypochloride, EDTA: Ethylene diamine tetraacetic acid, Different superscript uppercase letters in the same column indicate a statistically significant difference (P\< 0.05). Different superscript lowercase letters in the same row indicate a statistically significant difference (P\<0.05)

DISCUSSION {#sec1-4}
==========

A successful root perforations treatment is based on identification of the defect location, size of the defect, time elapse between perforation and treatment, and it's sealing ([@ref1]). Even for skilled endodontists, it is difficult to radiographically diagnose root perforations present in buccal or lingual surfaces of root ([@ref13]). With the help of EAL site of apical foramen, apical constriction, apical root resorption, and root fracture can be precisely determined ([@ref14]-[@ref17]). Older EALs worked under impedence principle, whereas newer apex locators work under different principles like ratio method. Apex locator displays apex reading as soon as reamer or file contact periodontal ligament ([@ref2]).

Electrical method of detecting apical foramen was first demonstrated by Cluster ([@ref2]). According to Sunada's findings, electrical resistance between oral mucosa membrane and periodontal ligament has a 6.5 kΩ constant value; which led to the development of the first EAL.

A recent method for evaluating root canal length before initiating root canal treatment is by measuring canal length on pre-existing cone-beam computed tomography (CBCT) scans. Shemesh et al. ([@ref11]) showed that periapical radiographs has very limited ability to diagnose perforations and CBCT was not able to detect strip perforations in endodontic treated teeth. This limitation of CBCT introduce the importance of more accurate method to diagnose root perforation, so as to avoid bone destruction and to prevent poor prognosis.

In the present study, alginate was used as the embedding medium to simulate periodontium because it has appropriate physical properties. The firm consistency of an alginate prevents tooth mobility and possible material ingress into the artificial perforation. It also presents suitable electroconductivity ([@ref18]). For an in vitro study of EALs in perforated teeth, other materials such as agar, gelatin, and a saline solution have been used which are electroconductive in nature ([@ref3], [@ref11], [@ref19], [@ref20]). Perforation sizes of 1, 0.60, 0.40, 0.30, and 0.27 mm were used in various previous studies ([@ref3], [@ref4], [@ref19]). In one study simulated perforation of size 1 mm was considered unrealistic ([@ref20]). In the present studies, larger perforation size of approximately 1.50 mm was created, which simulate perforations because of resorption, usage of large files, or coronal shapers, or during different intracanal procedures for post placement.

In this study, dry or wet canal conditions, influenced the accuracies of Root ZX mini, iPex, and Epex Pro in perforated teeth, but under various irrigants, no significant difference was detected. Literature showed similar results in which irrigants had no effect on the precision of different EALs such as Root ZX (Morita Co), Propex (Dentsply Maillefer), and Raypex 5 (VDW GmbH) in determining perforations of root canal ([@ref19], [@ref21]). In contrast, one study ([@ref19]) showed that the canal content had an impact on accuracy of Root ZX apex locator. Different devices, irrigants, and methodologies used in many studies can explain this discrepancy. Duran- Sindreu et al. ([@ref22]) reported that NaOCl and chlorhexidine did not influence the measurements obtained with Root ZX and iPex.

Venturi and Breschi ([@ref23]) found that in low conductive dry conditions, the measurements were unstable and less accurate for Root ZX. In another study, Root ZX gave more accurate reading in the presence of saline and EDTA than in dry canals, or in the presence of xylol ([@ref24]). However, according to the present study, Root ZX mini, iPex, Epex Pro gave no significant differences under different wet conditions and were more accurate in dry conditions.

To measure accuracy of the EALs, +/-0.5 mm difference has been considered accurate in various studies ([@ref11], [@ref19], [@ref24], [@ref25], [@ref26]). Others considered an acceptable range of +/-1.0 mm ([@ref19], [@ref27]). Since relation between rubber stopper and reference point, rubber stopper and caliper, or file tip and caliper was difficult to control visually, therefore in the present study, average values were considered for accuracy and clinical acceptability. In this study, results obtained with all three devices were acceptable because the largest average difference value was 0.48 mm.

CONCLUSION {#sec1-5}
==========

All three EAL's detected canal perforations within 0.03--0.5 mm range which is clinically acceptable. Root ZX mini gave most accurate measurement among three apex locator. The presence of irrigating solution influenced the accuracy of all the apex locators. The most accurate measurements were obtained in dry canals.
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